Abstract: Borehole nuclear magnetic resonance (NMR) measurements may be used to estimate permeability at several depth intervals in the saturated zone. The empirical Schlumberger-Doll Research (SDR) equation utilizes NMR-derived porosity and an average NMR relaxation time (representative of surface-area-to-volume ratio) to estimate permeability (k SDR ) using three fitting parameters. While it would be possible to optimize the fitting parameters for each depth, it is more useful to have SDR equation parameter values that are valid for the entire length of a borehole or for a study site. Traditional experimentally derived values can be utilized for the fitting parameters, however we explore the uncertainty in these values by calibrating the NMR permeability estimates using a bootstrapping Monte Carlo simulation with direct measurements of hydraulic conductivity at discrete depth intervals. We used borehole NMR measurements and direct hydraulic conductivity measurements acquired at the Geohydrological and Experiment and Monitoring Site (GEMS) near Lawrence Kansas to calibrate the permeability estimates by fitting one, two or three parameters in the SDR equation. Our statistical evaluation suggested that in many instances, acceptable parameter values are obtained by optimizing just one of the parameters in the SDR equation. This method also reveals when the optimization fails to converge on a preferred parameter value while fitting two parameters simultaneously, therefore justifying the use of the single-parameter fitting scheme. Fitting all three parameters never yielded a superior result compared with one-or two-variable fits. By using about half of the coincident NMR and DPP data from each borehole for the bootstrap resampling, we show the range of plausible best-fit k SDR results and a distribution of the corresponding parameter values. Our results are useful for assigning k SDR uncertainty due to the model and may yield insight into discrepancies between traditional hydrogeological estimates and NMR-derived estimates of permeability.
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